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Abstract 
To meet the demand for flying both in air and water, a conformal semi-ring wing (CSRW) configuration is proposed 
based on the extendable ring wing concept. The configuration is designed into aero and hydro isomer which can 
transform from one to the other by rotating the semi-ring wing around aircraft axis symmetrically. The job is to solve 
the contradiction between aerodynamic and hydrodynamic configuration. And dynamic performance of 
corresponding configuration is computed by ANSYS-CFX under granted speed. Some useful results are achieved that, 
under the same flying conditions, the lift and drag characteristic of aero configuration is close to the plain wing 
configuration with the same aerofoil, chordal length and equivalent area, which is not as good as predicted for the 
restrict of the wingspan to the body diameter, while the performance of hydro configuration is approximate to torpedo 
configuration, and when the aero configuration voyages in water, the wing produces vast unwanted drag and lift. All 
the results validate the rationality and necessity of the two deployments and morphing scenario of CSRW 
configuration.
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Harbin University 
of Science and Technology 
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1. Introduction 
Extendable ring wing (ERW) configuration has ever been studied to fulfil the requirement of internal 
weapons bay and tube launched dispensers by Hughes Missile Systems Company, which has been 
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planned for compressed carriage on aircraft to enhance the footprint size, loadout, and endgame 
maneuverability[1], and for torpedo, unmanned underwater vehicles to improve hydrodynamic efficiency 
and aimpoint selection at high speed, and reduce radiated noise, extend flight performance in range and 
endurance at low speed[2-3]. But reference [4] got the conclusion form wind tunnel tests that, asymmetric 
aerodynamics and cross coupling effects of ERW configuration were larger than normal. So, a conformal 
semi-ring wing (CSRW) configuration is proposed in this paper, and basic aero and hydro configuration 
together with their switching method is framed, which can confer both aircraft and submarine function 
onto CSRW configuration system. 
2. Conformal Semi-Ring Wing Configuration Concept 
The schematic figure of ERW configuration of IR&D project in reference [1] is displayed in Fig.1. 
Before released, the wing and fin is wrapped on the missile body surface; once released, they are actuated 
to unfolding state by the energy stored in spring materials. 
Fig. 1 (a) ERW configuration with wrap around fin; (b) ring wing profile 
During the folding and unfolding process, the curvature of ERW super wing changes greatly, with the 
folding times increases, it is hard for the super wing to exactly maintain designed shape, then 
aerodynamics performance of ERW configuration deteriorates. Therefore, to optimize the flight 
performance both in air and water, three measures are adopted in the CSRW design: 
(i) The ring wing is divided into two parts of arc panel, which joint at the top of longitudinal section of 
the missile body. So the scale of wing structure deformation can be reduced during the folding and 
unfolding process. 
(ii) The wrap-around fin is replaced by “+” shape tail, which can avoid the cross coupling effects. 
(iii) A wing slot is chiseled on the body surface, and then the wing can inosculate to the body properly 
in the hydro-configuration, which provides a clean hydrodynamic fuselage without gap, groove or cavity. 
Fig.2 illustrates the geometrical profile of CSRW configuration, (a) shows the aero-configuration, and 
(b) shows the hydro-configuration, which can transform from one to the other by rotating the semi-ring 
wing around aircraft axis symmetrically. 
Fig. 2 CSRW configuration: (a) aero-configuration; (b) semi-ring wing profile; (c) hydro-configuration 
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CSRW configuration wing is made up of upper and lower arc wing panel which hinges at wingtip, 
while the driving force for wing rotating executes on lower arc wing panel. The NASA SC(2)-1006 
supercritical aerofoil is accepted to conform to the requirements of high lift to drag ratio for subsonic 
velocity and large range[5]. And lower wing panel is of rigid framework, arc angle is 90°, arc radius is 
equal to aerofoil thickness subtract from missile body radius. Upper wing panel is of flexible framework, 
its material should have morphing ability such as shape memory polymers or shape changing polymers[6-7],
so as to adapt the continual change in curvature during wing’s folding movement, because the arc radius 
of upper wing panel is the same as the missile body in hydro-configuration while 3/2 times in aero-
configuration. 
3. Aerodynamic Performance Simulation 
The ANSYS CFX software is employed to calculate the aerodynamic performance of CSRW 
configuration. Simulation condition: flying velocity 0.8 Mach, standard atmosphere surroundings, Shear 
Stress Transport (SST) turbulence model. Fig.3 shows the pressure contour on aero-configuration surface 
and velocity contour on aero-configuration lateral section. 
Fig. 3 (a) surface pressure contour; (b) velocity contour on wing section; (c) velocity contour on tail section (AOA=9°)
For the purpose of comparison of the CSRW configuration aerodynamic performance, a plain wing 
configuration with the same aerofoil, chordal length and equivalent area is simulated under the same 
flying condition. The results are listed in Fig.4. In these figures, SWC represents the plain wing 
configuration and RWC represents CSRW aero-configuration. 
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Fig. 4 Comparison of aerodynamic performance between CSRW aero-configuration and plain wing configuration: (a) lift coefficient;
(b) drag coefficient; (c) lift to drag ratio 
Conclusions can be obtained from Fig.4 that, CSRW aero-configuration gets a well maximal stall angle 
of attack (AOA) of 42°, and the lift and drag characteristic of aero-configuration is close to the plain 
wing configuration, which does not arrive at the expected outstanding characteristic for the restrict of the 
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wingspan to the body diameter. Meanwhile, the vortex between upper and lower wing panel is twisted 
and strengthened, which may induce large drag. Furthermore, the cavity shape of wing slot on the body 
surface destroys the continuity of aerodynamic fuselage, which could reduce lift and increase drag. But as 
a middlebrow design to solve the contradiction between aerodynamic and hydrodynamic configuration, a 
better hydrodynamic performance and total optimized flight performance of CSRW can be realized. 
4. Hydrodynamic Performance Simulation 
The hydrodynamic performance of CSRW hydro-configuration is researched under the hypothesis that 
the missile buoyancy is equal to gravity, so the buoyancy influence is not considered. Simulation 
condition: voyaging velocity 20m/s, k ε−  turbulence model. Fig.5 demonstrates the pressure contour on 
hydro-configuration surface and velocity contour on hydro-configuration longitudinal section. 
Fig. 5 (a) surface pressure contour; (b) velocity contour on longitude section (AOA=9°)
An approximate torpedo configuration with the same body and tail shape as the hydro-configuration 
but without wing is adopted to contrastively analyze the hydrodynamic performance of CSRW hydro-
configuration. Simulation results are presented in Fig.6, where RWCa represents CSRW aero-
configuration, RWCw represents CSRW hydro-configuration, and Torp represents approximate torpedo 
configuration. 
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Fig. 6 Comparison of hydrodynamic performance among CSRW aero-configuration, hydro-configuration and approximate torpedo 
configuration: (a) lift coefficient; (b) drag coefficient; (c) lift to drag ratio 
Simulation results indicate that, the lift and drag coefficient of CSRW hydro-configuration is close to 
the approximate torpedo configuration. At AOA of 0°, lift coefficient tends to 0, and drag coefficient is 
about 0.013，which achieves the design target. But in contrast, CSRW aero-configuration produces great 
lift and drag in underwater flight, obviously, most of which is produced by the wing. So we can obtain the 
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conclusion that, aero-configuration is not competent for water voyaging, a morphing scenario from aero-
configuration to hydro-configuration is prerequisite. 
5. Conclusions 
A conformal semi-ring wing configuration is proposed in this paper to solve the contradiction between 
aerodynamic and hydrodynamic configuration. Dynamic performance of CSRW aero and hydro 
configuration has been studied, and the negative factors when the CSRW aero configuration flies in water 
have been analyzed. Based on these works, the rationality and necessity of the two deployments and 
morphing scenario of CSRW configuration can be proved. 
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